Perception and understanding of geoscience in Ireland by non-geoscientists have not been studied in depth, and an improvement in understanding how geoscience is perceived and engaged with will have significant impact on Ireland's ability to meet a range of challenges, including hotly debated geoscience issues such as fossil fuel dependency, raw mineral management, water security, and shale gas extraction (particularly fracking). Geoscience plays an important role in society, and the understanding of geoscience of an average Irish person will be based on formal education (at primary and secondary level) and informal education through public outreach and news media. Geoscience is expanding in formal education and informal education is increasingly delivered online. Geoscience education in Ireland has not been studied in detail, and a better understanding of the state of geoscience education could improve connections between geoscientists and nongeoscientists. This paper discusses the scope of potential research into geoscience education in Ireland that could and should be undertaken in order to best understand and describe the state of geoscience education, and geoscience in society. Mixed-method research should be undertaken to study geoscience education at multiple levels and targeting multiple publics. This research into the state of geoscience education in Ireland would be valuable, to geoscientists and educators.
Introduction
Geoscience is vital for modern society; most particularly since all our energy sources, technologies, and amenities rely to a greater or lesser extent on the extraction and management of natural resources. The constituents of a modern mobile phone-metals, rare earth elements, plastic (from petroleum)-and the electricity powering it-delivered by copper wire, and most likely generated from oil or gas-are all taken from the earth. As indi-viduals, it is not necessary to have a full understanding of all the geoscience behind our smartphone, any more than we need to understand the physics or electrical engineering behind it, but as a society, it is necessary to have a certain level of geoscientific literacy and to produce a certain number of geoscientists [1] .
Ireland can only benefit from having a strong foundation in geoscience education, at all levels of the formal education system as well as in informal education such as via outreach programs, social media and news media. This is both specifically so Ireland produces a sufficiency of graduates in geoscience fields, and more generally so that Irish society can meet the energy and resource challenges of the 21st century. In order to achieve this, geoscience education in Ireland must be understood; yet so far, little research has been done to investigate either formal or informal education in geoscience in an Irish context.
Geoscience education in Ireland must be studied, in order to identify its strengths and weaknesses, so that strengths can be consolidated and expanded, and weaknesses can be monitored and minimised [2] . Research should be conducted into the content and efficacy of both formal and informal education in geoscience, identifying the actual learning outcomes across a broad cross-section of Irish society, from primary-school children, to consumers of news media, to politicians. The place of geoscience in the formal education system-particularly at primary and secondary school-should be examined. This is an especially important in light of the introduction of the new Junior Certificate Science curriculum which includes Earth Science as part of one of the core modules for secondary school students aged 12 to 14 [3] . Alongside formal education, informal geoscience education in Ireland should also be studied. This should include geoscience outreach programs and public engagement-traditional and online-by geoscience institutions and geoscientists [4] , and should also include dissemination of geoscientific information via the news media.
The objective of this paper is to provide an outline of the current state of geoscience education in Ireland, demonstrate that the area needs to be more thoroughly researched, and propose how such research may be carried out. This research would aim to provide valuable information to geoscientists on how best to communicate their field; to third-level institutions on how to attract students into the geosciences; and to educators on how geoscience is currently being taught, and the strengths and weaknesses of the current system.
The Place of Geoscience in Irish Society
Geoscience plays a major role in society: globally, in the EU, and in Ireland. Geoscience underpins our energy sources, our management of natural resources (including fossil fuels, minerals and metals, water, etc.) [5] and our natural disaster planning [6] . Qualified geoscientists are necessary for energy security; security of the water supply; economic security for many industries; and security of the population in the event of a range of natural disasters, from minor landslides to catastrophic earthquakes.
The European Commission's Horizon 2020 framework identifies "Science with and for Society" as an instrumental area in addressing the challenges facing EU countries over the coming years [7] . These challenges include hotly debated geoscience-heavy issues such as fossil fuel dependency, raw mineral management and shale gas extraction (particularly fracking), mainly under the "Secure, Clean and Efficient Energy" umbrella [8] .
Ireland is rising to meet these challenges. In 2014, the Irish Centre for Research in Applied Geosciences (iCRAG) [9] was established, funded by Science Foundation Ireland and the European Regional Development Fund, with the aim of ensuring the security and proper management of Ireland's natural resources [9] .
Geoscience plays a substantial role in Ireland's economy and society and lies at the heart of a range of questions facing the Irish electorate. Ireland imports the majority of its energy [5] , but has offshore hydrocarbon resources: Ireland is home to "untapped hydrocarbon resources in challenging north-eastern Atlantic deep water environments, and a diverse geological framework with important untapped seabed and groundwater resources" [9] . How to tap these resources is a question for Irish-based geoscientists; whether to tap them and how the output and profit is divided is a question for policy-makers. Ireland supports a range of mining activity; minerals, including metal ores, and rocks are mined across Ireland. Certain Irish rocks are sought-after as building materials, such as Connemara marble and Kilkenny limestone. The largest zinc mine in Europe is in Co. Meath, and produced 133 kilotonnes of zinc in 2015, along with smaller amounts of lead and silver [10] . Water is currently a contentious issue in Ireland, with decisions being made about how to maintain and manage the drinking water supply, and how that should be paid for [11] . There is also an ongoing discussion about how best to protect Ireland's unique ecosystems [12] . It is not unreasonable to suggest that an understanding of geoscience would be of benefit to politicians, civil servants and the electorate.
Of particular interest is the contentious issue of shale gas extraction by means of hydraulic fracturing (fracking), which may be an economically valuable source of hydrocarbons in energy-poor Ireland, but has stirred controversy due to the threats of induced seismicity and damage to ecosystems and water supplies [13] . The level of understanding of the geoscience of fracking-of policy-makers, the electorate, locals in areas where fracking is taking place, and the news media-is based on their levels of geoscience literacy from formal education, and the efficacy of informal education undertaken by geoscientists who are involved with fracking, researching fracking, or who are interviewed on the topic, and the information presented by the news media. Perceptions and attitudes by non-geoscientists towards fracking have been studied elsewhere, such as in the UK [14] , but the perceptions, attitudes and understanding of non-geoscientists in Ireland have not yet been studied.
Geoscience Education in Ireland Is Changing
Geoscience has not historically been prioritised in the formal education system in Ireland, and has also not been studied in an Irish context. An overview of the current state of affairs is presented in this section.
In the primary school system (ages 4 to 12), some geoscientific concepts are covered under the Social, Environmental and Science Education (SESE) umbrella [15] , which includes science, geography and history. However, geoscience or geology are not specifically covered in the curriculum and science is allocated only 45 minutes (at ages 4 to 6) to one hour (at ages 6 to 12) per week, which is only slightly more than is allocated to calling the roll (50 minutes per week), and-as is often noted-considerably less than the time devoted to religious education (2 hours and 30 minutes per week) [16] . As geoscience must share an hour a week with the other sciences, it could be expected that the average Irish primary school pupil does not get much exposure to geoscience or geology.
The geosciences are given more attention in the secondary school system (ages 12 to 18), however, geology is not a subject offered at Junior or Leaving Certificatelevel. Areas of geoscience, including geology, are covered as part of the Geography and Science subjects at Junior Certificate level (ages 12 to 16) [17] . At Leaving Certificate level (ages 16 to 18), Geography is still offered and includes several areas that fall under the broader geoscience umbrella, such as some geological concepts. Meanwhile, Science is no longer offered as a single subject at Leaving Certificate level; instead it breaks into specific science subjects (Physics, Chemistry, Physics and Chemistry, Biology, Agricultural Science), and again, Geology is not an offered subject [18] .
At third level, Geology is established as a stand-alone subject and geoscience has a significant place at undergraduate and postgraduate level in four of Ireland's seven universities: Trinity College Dublin (offering Geology and Earth Science Bachelor's degrees, along with geoscience-adjacent subjects) [19] , University College Dublin (offering Geology as a B.Sc., along with geoscience-adjacent subjects) [20] , National University of Ireland Galway (offering Earth and Ocean Sciences, as well as geoscience-related subjects, as B.Sc. Degrees) [21] , and University College Cork (Geology, Earth Science and International Field Geoscience all offered at Bachelor's level) [22] . All of these Geology/Geoscience courses are taken as specialties in later years from a common-entry broader science course. For example, in Trinity College Dublin, students who study geology enter Natural Sciences, taking modulesin multiple sciences, including geology, in their first and second year, and specialise in geology for their third and fourth, to graduate with a Bachelor's degree in "Natural Sciences-Geology". Geography and Environmental Science are also widely offered [23] .
Geoscience education in Ireland is in a period of change. Postgraduate-level education is expanding, with initiatives such as iCRAG (mentioned above). The Junior Certificate state examination is being overhauled, and Science at Junior Certificate level will now include "Earth and Space" as one of its core "strands", giving geoscience a defined space within the core curriculum for the junior cycle of secondary level education [3] .
As there have not been any published studies on geoscience in the formal education system in Ireland, it is not currently possible to explore it in greater depth.
Research into Geoscience Education
Science education in Ireland has been studied (albeit perhaps not as deeply as science education researchers would prefer), but geoscience education specifically has not been studied in detail in Ireland. For example, in 2003, Ireland took part in the Relevance of Science Education (ROSE) project, which gauged a range of factors relating to science education in 15/16-year-old Irish students, but only a few questions in the survey related directly to geoscience and geoscientific principles [24] .
Geoscience education-formal and informal-has been studied elsewhere. A good overview of the ongoing research in the area was carried out by King (2008) [25] . There is a very broad range of potential research in the area; researching understanding, interest, perceptions and attitudes of primary-level, secondary-level and tertiary-level students, educators at all levels, participants in geoscience outreach programs, social media users, residents in areas where activities such as mining or fracking are planned or ongoing, and so on [25] [26] .
Research into the efficacy of geoscience education focuses primarily on the understanding of and interest in geoscience of students in the formal education system, and the level of understanding of geoscientific principles of educators. Tools such as the Geoscience Concept Inventory [27] are used to measure the level of understanding of principles such as geological time and the location and scale of tectonic plates, and can be used to assess, for example, the level of understanding that teachers have of core geoscience concepts.
Outreach and public understanding are no longer minor side-projects for scientific institutions, and as global connectivity and social media expand, scientists-including geoscientists-have unprecedented opportunities to engage with enthusiasts, children, voters, locals and politicians [28] . However, engagement on social media is not always undertaken in an effective manner, and the efficacy of new online informal methods of education is an expanding area of research; for example, Lee & Van Dyke (2015) assess how effectively science institutions are using social media to promote dialogue with interested publics [29] .
Need for New Insight into Geoscience Education in Ireland
Geoscience education-formal and informal-in Ireland should be studied, ideally as broadly and deeply as possible. There will always be limits on the amount of research that can feasibly be done in an area, but so far very little work has been undertaken to assess the state of geoscience education in Ireland. Geoscience is an important and dynamic area, connected with several contentious issues in current Irish policy, and it would be illuminating and useful to know what the average Irish schoolchild, student, voter and inhabitant know and think about geoscience generally andabout key geoscientific concepts and issues, such as fracking. There is scope for a broad range of future research in this area.
Study of Formal Education
Research targeting a broad, representative sample of Irish schoolchildren or secondary school students-similar to the ROSE project-could gauge the interest and knowledge of the average Irish schoolchild with regard to geoscience [30] . The understanding of geoscience held by a person leaving the Irish education system is likely to be a strong contributing factor in the general level of understanding of the next generation of Irish voters and policy-makers.
In order for schools to provide a useful and engaging introduction to geoscience, primary school teachers and secondary school Science and Geography teachers need to be equipped to teach geoscience in an accurate and engaging manner. There is no requirement for these teachers to have formally studied geology or any other geoscience subjects at higher level themselves. If there are significant gaps in their understanding of the subject, they are likely to pass misunderstandings and misconceptions on to the students they teach [31] . They can be supported by, for example, outreach programs that operate through the formal education system, such as the Seismology in Schools program [32] . It would be very useful to explore such teacher supports and school-based outreach programs to assess their efficacy and penetration [33] , with the aim of facilitating improvements.
Specifically, it would be useful to assess whether outreach programs that operate through the school system are more or less effective than those that operate independently. Independent programs will probably only reach children who already have an interest in geoscience, whereas school-based programs will result in exposure to all children, or all children who have chosen Science or Geography in secondary schools, regardless of interest (although it is probable that interested children will engage with the school-based program more enthusiastically than uninterested children, so the effect may be small) [34] . Evaluative summative research into existing outreach programs, both independent programs and programs connected to formal education, and formative research into the programs found to be the most effective and engaging, could lead to new frameworks and guidelines to maximise effectiveness and scope of geoscience outreach [34] [35] .
Children tend to be very interested in geoscience (rocks and minerals, volcanoes and earthquakes) but, as with science generally, many of them lose this interest as they grow older [1] . Studies of students' level of interest in geoscience, involving multiple cross-sectional studies of selected age cohorts, may be able to determine at what point this loss of interest happens and what factors are at play. To extend this research, it would be useful to examine at what point the genders diverge in level of engagement with geoscience, and whether there are ways to prevent this divergence. According to the ROSE study, girls show higher levels of interest across the sciences, including on geoscience-related topics [24] . Yet-again reflecting general trends across the sciences-by the time those interested children have grown up and found jobs, the girls will have disproportionally left the field [36] [37].
Study of Informal Education
Informal education has been transformed by the Internet. Outreach programs and public engagement need no longer be restricted to the immediate area and designated, scheduled times. A child or adult with an interest in geoscience can watch videos, read descriptions, look at diagrams, and even ask questions of geoscientists, at their leisure from their homes [38] . And modern, online engagement hasn't replaced traditional outreach; school visits, public lectures, open days, etc., are not phased out when an institution starts putting information online, but instead can be enhanced and augmented by the online resources [39] . Research should be undertaken to explore geoscience outreach programs and public engagement policies in Ireland, with a view to identifying and sharing the most effective techniques for dialogue with interested publics. In order for Irish public understanding and engagement with geoscience to be promoted, it must be understood, and in order for geoscientists to communicate the importance of their field, they need information on how to do so effectively [29] .
Research into outreach programs should identify their efficacy; particularly whether they typically reach their target demographics, and whether they significantly improve participants' knowledge of, interest in, and/or engagement with geoscience. Follow-up research (as mentioned above under formal education) could include formative research into the programs found to be the most effective and engaging, in order to produce guidelines and frameworks for other outreach programs to use [39] .
A very modern facet of outreach is the use of social media, which can be used as a very effective dialogic tool for engagement with interested publics, but research has not been done to determine whether geoscience institutions in Ireland are using social media, and, more importantly, whether they are doing so effectively [29] . Geoscience blogs and social media pages could have a significant impact on public perception and engagement with geoscience, and this should be studied in an Irish context. Scientists are encouraged these days to share their knowledge and research with the public [40] [41] , but this needs to be done in a useful way, otherwise it takes valuable time that would be better spent on the research itself. Irish geoscientists could benefit from a better understanding of how the Irish public reacts to and understands geoscience, if they are to share their knowledge [41] .
A very particular form of education is education via the news media, which is itself undergoing a considerable shift as people increasingly consume news online rather than through traditional channels. A better understanding of how the Irish news media frames and reports on geoscience-related issues-particularly contentious politically-charged issues such as fracking-would be very useful for assessing how the news media impacts public perceptions of geoscience [42] . Geoscientists undertaking public education or who are being interviewed by the news media may also benefit from such research. It would potentially be illuminating to examine the language used by the news media (e.g. "man-made earthquakes" vs "induced seismicity", "fossil fuels" vs "hydrocarbons", "tidal wave" vs "tsunami") and perform content analysis of the language choices, to assess the impact they may have on the perceptions of geoscience of the average viewer or reader [43] . It is also important to examine who is given a platform to speak on geoscience-related issues to assess what biases might be at play and might be being passed on to viewers or readers; for example, a gender bias, or a bias for or against mining companies, or environmental groups, or academic researchers [44] .
Future Research
Alongside an investigation into Irish geoscience education, it would be natural to examine the effects of education-formal and informal-on attitudes and policies. Even if it is not possible to definitively identify effects, an examination of correlations between level of education, level of understanding, and attitude would be very interesting, and potentially have usable implications for educators and policy-makers in the area. It would also be worth examining Ireland's place in an international context, for both geoscience education and attitude towards/understanding of geoscience [24] . Similarities and differences between Ireland and other countries could open further avenues of research and potentially help guide Irish geoscience education policy in the future.
There is also potential benefit in examining the level of geoscience education and understanding of the politicians and policy-makers who are legislating on issues like fracking, offshore hydrocarbon exploration, and water security. With geoscience playing a significant role in the Irish and global economies, it is important to know whether legislators are equipped to make decisions on these issues; to understand the implications of the choices and to access impartial and accurate information where necessary [45] .
Conclusions
A better understanding of the state of geoscience education-formal and informal-in Ireland would be valuable for the geoscience community in Ireland and for Irish society generally. The strengths and weaknesses of geoscience education in Ireland should be identified so that Ireland can best meet the energy and resource challenges facing it.
There is a broad range of potential research in the area that could be undertaken. Studies of the current cohort of Irish primary-and secondary-school students with specific regard to geoscience should be undertaken to assess the understanding of and interest in geoscience of Irish schoolchildren and potential future geoscience graduates. If possible, the factors affecting the decisions by students not to pursue geoscience should be identified, particularly with regard to girls. Research into the efficacy of outreach programs-in and out of schools-and public engagement-online and offline-should be undertaken. Effective programs should be identified and studied with the aim of producing useful information for geoscientists on how to communicate their field. Geoscience as portrayed by news media should be examined, and an attempt should be made to determine the effect education via news media has on Irish people's attitudes towards geoscience-related current affairs issues, such as fracking and water security. Ideally, all of this research should be extended to examine the effects of formal and informal education in geoscience on perceptions of geoscience and, again, attitudes towards geosciencerelated issues.
In order to provide the most accurate overview of the state of geoscience engagement, mixed-method research should be carried out from multiple angles and targeting multiple publics [26] . A particularly good, but resource-heavy, study of geoscience in formal education would involve surveying multiple cohorts of students across primary and secondary school, and following up with the same students over a longitudinal study [24] [46]. Research into effective educational programs and techniques (either in formal education or outside it, and either traditional or online) could, to maximise usefulness, be undertaken in two phases: a summative phase to investigate whether programs or techniques are working as intended, and then a formative phase to determine what factors are responsible for the success of the most effective programs. This research should be quantitatively-led, but a mixed-method approach would allow potential insight from students, educators, etc., as participants in qualitative studies [47] . Content analysis could be a useful tool for research into both formal education (e.g. content analysis of textbooks) and informal education (e.g. content analysis of social media posts by geoscience institutes engaging in public outreach) [48] .
A better understanding of the current and evolving position of geoscience in the Irish education system and in Irish society can only improve the ability of geoscientists and educators to maintain and improve Ireland's good relationship with geoscience.
